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Abstract This report presents the activities of theBernese to combine the sessionwise VLBI products of
Korea Astronomy and Space Science Institute (KASthe IVS Analysis Centers (ACs) at the normal equation
Combination Center during 2013 and outlines thievel. We modified the software, which was developed
planned tasks for 2014. In 2013, we focused dior GNSS data processing and analysis, to handle IVS
coordinate time series and a VLBI terrestrial referengzoducts properly. The inputs to Bernese are the normal
frame using seven-year IVS products. During thequation matrices and vectors from the daily SINEX
combination using Bernese GNSS Software Versidites of the individual ACs (Table 1). The outputs are
5.0, we found restrictions on combining products. Weaily SINEX files including combined station coordi-
report those and desirable features. nates and Earth orientation parameters (EOPs). The
missions of the KASI Combination Center are creation
of high quality combination products, mutual verifica-
tion with the BKG/DGFI Combination Center, quality
control of the ACs’ results, provision of feedback to the

Analysis Centers, and adherence to the IERS Conven-
KASI is a government-funded research institute for Asions.
tronomy and Space Science. Thus, it has a wide range
of research areas observing the Earth, the Sun, stars, ) )
and galaxies based on various instruments. For Eaffiie + VS ACS which KASI combined.

; . . AC | Time span |Software [Number of sessions
observation, space geodesy is one of the important &

1 General Information

) BKG [2003.0-2010.fICALC/SOLVE 938

search flelds. of KASI. KASI operates GNSS, VLBl g==r550755010 tOcCAM 501

and SLR stations and analyzes their observation dat&sec2003.0-2010 ICALC/SOLVE 939
OPA [2003.0-2010.fICALC/SOLVE 928
USNO|2003.0-2010.fICALC/SOLVE 802

2 Component Description

KASI is in charge of operating an IVS Combination

Center. KASI has rich experience in GNSS data pro- ’

cessing and analysis using Bernese GNSS Softwg’reSta

(hereafter Bernese). Bernese, especially the subpro-
gram ADDNEQ?2, supports stacking of normal equaFhe staff members of the KASI Combination Center
tions and estimation of parameters [1]. We adopteafe listed below.
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Table 2 Personnel of the KASI Combination Center. WESTFORD
42.61295 T T
Jungho Cho +82-42-865—323|4 jojh@kasi.re.kr ESTIMATE =  ITAF2008 =
* Younghee Kwal +82-42-865-203|bgir|02@kasi.re.kr
* until March 21, 2014 s U N RS PRI PSP S
£
2
4 Current Status and Activities =
E:
5

(1) Coordinate Time Series

The station position coordinates for each sessit
were combined and estimated using the normal equ sz
tions of each IVS AC summarized in Table Linordert . m?i
verify the VLBI combination capability of Bernese. In [EETMATE e THreie
total, 43 station coordinates were estimated. Figures
2 and 3 show the examples of the time series for the I
itude, longitude, and height of three of the 43 statior
(Westford, Wettzell, and Kokee). In the figures, the re
(darker) line represents the estimated values, and !
green (lighter) line shows the a priori values based ¢
ITRF2008. In each plot, a single tick mark of the ver
tical axis corresponds to about 1 m. It is obvious thi
the errors of the longitude components are relative
larger than those of the latitude and height componen
For 43 stations, the root mean square (RMS) errors
the latitude and longitude components are 15.6 mma [[ewre - aceaos -
37.7 mm, respectively, and the error of the height cor
ponent is 30.9 mm, with respect to ITRF2008 (a prio
value). fatmtyranrdebiniyy a;,»-:.-a I N Pt b

Most VLBI results provide UT1-TAl values, h
while Bernese, which is the software for GNSS, ca
process only UT1-UTC values at the moment. For tt
normal equations of some ACs (BKG, GSFC, OPA
and USNO), which were entered in the software, tt
difference (leap seconds) between the UT1-TAI ar
UT1-UTC values was included. UT1 is a paramete . ‘ . : ! ‘ ‘
that represents the rotation of the Earth, and it [V
correlated with longitude that has the same direction.

Consequently, the UT1 errors of some ACs WelFé'g.l Coordinate time series of Westford during 2003-2009.
included in the results of the longitude, and thus the

longitude component showed a larger RMS error th
the latitude and height components. In the futu
the software needs to be improved regarding U
correction.
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raébog) as one normal equation. Figure 4 shows the ve-
1? city vectors of the combined TRF (red arrows) by
ASI and the ITRF2008 (blue arrows). ITRF2008 is
the result that combined the data from the four space
geodetic techniques (GNSS, VLBI, SLR, and DORIS)
which had been accumulated for 25 years (1984-2008).
We estimated TRF by combining the normal equaThus' the stations, which had performed observations

tions of five ACs (Table 1) during seven years (2003“—p t0 2003, exist only on ITRF2008. The YEBES sta-

(2) VLBI TRF
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Fig. 2 Coordinate time series of Wettzell during 2003-2009. Fig. 3 Coordinate time series of Kokee during 2003-2009.

tion in Spain dismantled the 14-m antenna that hdtigure 4. The velocity vector of the remaining 42 sta-
been used from 1995 to 2003. Accordingly, as for thiions excluding the YEBES station showed a magni-
data from the YEBES station used for the combinetdide difference of 7.3 mm/yr (30.2%) and a direction

TRF, the observation period was very short (less thalifference of 13.8(3.8%), with respect to ITRF2008.
one year), and thus the estimation of a proper velocifyhose errors are thought to be due to the longitude

vector was not available. Therefore, it had a completebpmponent error mentioned above. As there is a large
different magnitude and direction, compared to the vesror in the longitude component, the Helmert transfor-
locity vector from ITRF2008, and it was excluded fronmation, which represents the relation between TRFs, is
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Fig. 4 Velocity map of ITRF2008 (blue/slightly darker) and combind®FT(red) by KASI.

not meaningful at the moment. Thus, it was not consiReferences
ered in this report.
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L IGS Products Table
Proper UT1 correction in Bernese

Combining whole period IVS products (1984-
present)
Outlier rejection
Weighting the individual solutions
Comparing with BKG/DGFI Combination Center
[2], IERS 08CO04 [3], and IGS solutions [4]

e Providing IVS EOP format solutions [2] (Rapid and
Quarterly)

e Providing VLBI TRF
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